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Method and device to provide a defined fluid flow, 
especially for use in liquid chromatography 

Subject of the invention is a procedure and a device providing a defined fluid flow, 
especially for liquid chromography. 

Analysis technology, especially liquid chromatography (HPLC, High Performance 
Liquid Chromatography) usually operates based on a constant flow (volume per time 
unit, volume flow) because it greatly simplifies quantitative analyses. This flow passes 
through a chromatographic separation column (in short "column"), in which the required 
separation of materials occurs. 

The trend goes to small (CAP-LC) and very small (Nano-LC) volume flows due to the 
fact that they require only small sampling quantities and achieve a better separation 
performance. Many applications use a mixture of two or more different solvents. During 
the analysis, the mixing ratio is often gradually or incrementally changed, which is 
called the solvent gradient. 

As a rule, the use of small volume flows also requires a precisely defined flow. This 
flow should be adjustable and accurately constant. The latter is made difficult 
especially by the fact that the counter pressure of the connected column (column 
pressure) is dependent on the viscosity of the solvent mixture that is present in the 
column at the time, and can change due to contamination of the column. 

It is extremely difficult to create very small volume flows with the required constancy 
and with a defined adjustable mixing ratio. Added to the very strict requirements 
regarding the mechanical precision and the density of the components are all kinds of 
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possible dirt effects, which for larger volume flows are negligible. 

For this reason, most established procedures use flow splitting. In the first step, a flow 
that is defined but very much larger than the required flow is created. This makes it 
3 easier in comparison to comply with the requirements for constancy and mixing ratio. In 

classic HPLC, these types of devices are widely used and therefore available 
commercially. There, a flow splitter is used to divide the supplied flow into a large and a 
small flow. Only the small flow is used. 

10 The principle of flow splitting according to the state of the art is illustrated in Fig. 4. 

The splitting device 1 shown in Fig. 4 for a liquid chromatography device that is not 
explained in detail here includes a pump 3 for the supply of defined total flow fo with a 
defined solvent composition. The pump 3 may contain mechanisms for the 
proportioning and mixing of different solvents to allow solvent gradients to be created. 

15 The total flow fo supplied by the piunp 3 is significantly larger than the desired 

(external) work flow few- The splitter further includes a fluidic junction 5, which may be 
in the shape of a T-junction, and which splits the total flow fb into an intemal work flow 
fjw und an intemal surplus or excess flow fie as well as a fluidic resistance 7 in the working 
branch and a fluidic resistance 9 in the excess branch. The split ratio (work flow to excess 

20 flow) is determined by the ratio of the resistances. Resistance 7 is usually very much 

larger than resistance 9, i.e. for an equal drop in pressure the intemal work flow fiw only 
constitues a small percentage of the excess flow fie. 

The intemal work flow f;w is also available at the output 11 of the splitter as (extemal) 
25 flow few. Here is where the rest of the analysis system is connected to the setup. For the 

pressure ratios, the value of the fluidic resistance of the column (not shown) is 
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especially critical. At output 13 of the flow splitter occurs the (external) excess flow fc, 
which is equal to the internal excess flow fje and usually not utilized. 

This known procedure has the problem that the split ratio that is actually achieved is not 
5 only dependent on resistances 7 and 9 but also on the counter pressure of the colunm. 

The fluid resistance of the colunm is added to the value of resistance 7. This must be 
considered when dimensioning the resistances. 

An additional difficulty is the fact that the fluidic resistances of all components change 
10 with the viscosity of the solvents contained in the components. When the solvent 

composition is constant, all parts are afTected equally so that the split ratio remains the 
same. In solvent gradients, the individual components reflect the change in viscosity 
with different delays, depending on the throughput rate of the upstream components 
and the respective component itself. This is the reason why the split ratio does not 
15 remain constant during the gradient. 

EP-A-0 495 255 describes an improved method. In this case, by tuning the volumes of 
the two branches corresponding to the split ratio a constant split ratio is achieved, even 
during a solvent gradient. This method has the drawback that the counter pressure at the 
20 output (i.e. the column pressure) continues to strongly affect the split ratio. In the layout 

of the flow splitter, this counter pressure can only be partially considered since it 
depends on the viscosity of the solvent as well. 

From DE 199 14 358 a method is known where this disadvantage shall be avoided with 
25: the use of an active correcting element in one of the two branches. This method uses a 

working sensor designed to measure the flow in the working branch. Since the 
sensitivity of flow sensors for such small volume flows is usually strongly dependent 
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on the solvent that is being used, this principle cannot be easily applied to solvent 
gradients. Therefore, as an alternative solution, it was suggested to detect the pressure in 
the working as well as in the excess branch, and to use the difference between the two 
pressures to activate the correcting element. 

5 

The disadvantage here is that due to their design, the pressure sensors usually have 
relatively large inner volumes. Due to the compressibility of the solvents being used 
and the elasticity of the pressure sensor a flow is moving toward the pressure sensor 
or moving away from the pressure sensor every time the pressure changes. This 
10 decreases or increases the work flow accordingly. 



Another problem counter indicating the use of pressure sensors it their achievable 
accuracy. For technical reasons, the resistances 6 and 7 are designed so that only a 
small drop in pressure occurs at them. Inaccuracies of the pressure sensors affect the 
15 split ratio in correspondence to this pressure drop. Sample: If we assume a pressure 

drop of 10 bar, then a required flow reproducibility of 0.5% corresponds to an 
allowable pressure measurement error of 0.05 bar (0.5 % of 10 bar). 

Since the sensors to be considered measure the total pressure (in relation to the 
20 ambient air or absolute) they must have a measuring range of at least 200 bar. A 

measuring error of 0.05 % therefore corresponds to a required accuracy of 0.025 %. 
Such accuracy can only be achieved with great effort. 

The invention has therefore the objective to provide a method to supply a defined fluid 
25 flow, especially for liquid chromatography, making it possible to generate the work 

flow with high accuracy independently of the counter pressure at the output without 
requiring a working sensor in the working branch to detect the pressure and/or the flow. 
In addition, no pressure sensors should not be used as flow-determining components. 
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The invention also intends to provide a device for the implementation of this method. 

The invention is based on the realization that an external, preferably very small work 
flow through a working device with su£Bcient constancy and reproducibility can be 
achieved by measuring a balance flow between a working branch and an excess branch 
in a cross-branch, and by adjusting this flow to a value of basically zero or to a preset 
offset value that is low in comparison to the intemal work flow by changing the 
resistance of an adjustable fluidic resistance device further down the excess branch. This 
makes the problematic measuring of the external work flow unnecessary. 

In a preferred embodiment of the invention, the preset offset value for the balance flow 
can be selected to be greater than zero, wherein the positive sign indicates the direction 
of the flow from the working path into the direction of the excess path. This has the 
advantage that the actual external work flow of the fluid is not corrupted by any influx 
from the compensation branch as is possible when the balance flow is adjusted to zero, 
especially with a time median of basically zero, and a fluid with properties that vary 
over time, like its viscosity, for example. 

In an embodiment of the method, the dependency of the signal of the flow sensor on at 
least one property of the fluid, especially the thermal capacity and thermal conductivity 
of the fluid, can be corrected by adjusting the balance flow so that the preset offset 
value for the actually flowing balance flow results. This in turn results in an improved 
consistency and reproducilibity of the extemal work flow when the composition of the 
flow varies, especially when a solvent gradient is used in the HPLC. 
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An easy way to achieve the correction is by linking a correction parameter to the 
sensor signal, in particular by multiplying a correction factor with the sensor signal. 

The values for the correction factor can be stored in a lookup table. The functional 
dependency of the correction factor on at least one property of the fluid can be stored 
and utilized for the correction in the same way. 

In an embodiment of the procedure according to the invention, the balance flow can be 
adjusted further down the working path to a preset, relatively high value in comparison 
to the offset value in order to achieve a temporary reduction of the external work flow. 
In HPLC, this can be used to achieve a so-called "Peakparking". This is a temporary 
distinct reduction of the (external) work flow through the column, causing the 
components that are separated in the column to reach the downstream analysis device at 
a slower speed and/or with a delay. 

In known systems this flow reduction is usually achieved by installing a change-over- 
valve in the system, which is used to switch to a smaller flow being delivered by a 
second pump. The additionally components are very costly. 

With the system according to the invention this flow reduction can be achieved directiy 
without additional components by temporarily adjusting the balance flow not to a value 
equal or close to zero but to a significantly higher, positive value. 
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In an additional embodiment of the procedure according to the invention, the resistance 
of the adjustable fluidic resistance device to determine the internal work flow and/or 
external woiic flow further down the working path can temporarily be adjusted in such 
manner that a balance flow unequal to zero results, making it possible to determine the 
5 intemal work flow and/or external work flow to be expected under normal operating 

conditions based on the signal of the flow sensor. 

The adjustable fluidic resistance device for the measurement of the intemal work flow in 
the cross-branch can in particular be shorted and/or be adjusted to a value equal to zero, 

10 wherein the cross-branch preferably has a fluidic resistance value equal or close to zero. 

In this way, the intemal work flow can be measured directly. When the balance flow in 
the cross-branch is adjusted to zero in the normal operating phase of the device, an 
external flow equal to the measured intemal work flow results. If the balance flow is 
adjusted to a low offset value, especially in order to prevent any reflux of the fluid from 

15 the cross-branch into the working branch, then the external flow can be determined 

during normal operation from the difference between the. intemal work flow and the 
balance flow. 

In the device according to the invention, the fluidic resistances that determine the split 
20 ratio can be such that their fluidic throughput rate is basically the same. This results in 

the advantage that also in the presence of a time gradient affecting at least one property 
of the fluid - its composition and therefore its viscosity, for example - the split ratio 
always remains constant (timewise as well). 

.25 A similar effect can be achieved by configuring the fluidic resistances that determine the 

split ratio in such a way that their fluidic throughput rate is small in comparison to the 
rate of common solvent gradients. In this case it is safe to assume that the resistances 
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at any time roughly contain a fluid with the same solvent composition. 

In another embodiment, the device according to the invention can be designed in such 
manner that the total fluidic resistance value of the adjustable fluidic resistance device is 
5 composed of the resistance of an adjustable, preferably electrically controlled fluidic 

resistance element and a non-adjustable fluidic resistance element, wherein the fluidic 
resistance value, especially the value of the non-adjustable fluidic resistance element, is 
dependent on the viscosity of the solvent being used. 

10 This keeps the required adjustment range for the adjustable fluidic resistance element 

relatively small, so that this element can be manufactured more easily and at less cost. 

Such a device to influence the pressure or flow conditions in a fluidic system can also 
be used independently of the device or independently of the procedure described in this 
15 invention. 

Additional embodiments of the invention result from the subclaims. 

The invention is explained based on a sample embodiment shown in the drawing. The 
20 components of the drawing are: 

Fig. 1 a schematic view of an analog electrical block diagram of a device according to 
the invention with a constant-flow pump; 



25 



Fig. 2 a schematic view of a controllable, adjustable fluidic resistance device for the 
device in Fig. 1; in the form of an analog electric diagram (Fig. 2a) 
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and in the form of a principle representation of its implementation (Fig. 2b); 

Fig. 3 a diagram to illustrate the viscosity and pressure characteristics of a device 
according to Fig. 1 with a resistance device per Fig. 2, and 

Fig. 4 a schematic view of an analog electric block diagram of a device of the state 
of the art to illustrate the principle of flow splitting. 



The device 100 supplying a defined fluid flow, especially for liquid chromatography, 
10 shown in Fig. 1 in the form of an analog electric block diagram, being suppUed by a 

constant fluid flow from a pump 1, includes a flow splitter 5, which can be designed as 
a T-junction, and fluidic resistances 7 or 9 in a working branch or excess branch. This 
divides the total flow fo into an internal work flow fiw and an intemal excess flow fie , 
wherein the reverse ratio of these fluidic resistances 7 and 9 determines the split ratio 
15 between the intemal work flow and the intemal excess flow, i.e. the following applies: 

fiw / fie = R9 / R7, 

wherein R7 and R9 indicate the resistance values of the fluidic resistances 7 and 9. 



20 



The device 100 further includes a fluidic junction 102 at the output of the fluidic 
resistance 7 and a fluidic junction 104 at the output of the fluidic resistance 9. The 
fluidic junctions 102, 104 again can be configured as simple T-junctions. 
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Internally, the device 100 has a cross-branch 106 connecting fluidic junctions 102 and 
104, and in which a flow sensor 108 is installed, which delivers an output signal Sbais 
which is dependent on the balance flow flowing in the cross-branch 106. 

5 

Installed further down the excess branch, i.e. following the applicable branch or output 
of the fluidic junction 104 is an adjustable fluidic resistance device 110, which, as 
shown in Fig. 1 can be a simple, adjustable and preferably electrically controllable 
fluidic resistance, in the form of a controllable throttle valve, for example. 

10 

Finally, the device 100 includes a controller 112, which controls the resistance of the 
adjustable fluidic resistance device 110 depending on the Sbai-signal of the flow sensor 
108. The signal flow is suggested in Fig. 1 by dotted lines. 

15 In addition, an optional pressure sensor 114 can be used at the fluidic junction 9 to 

detect the pressure at this point. 

The output 1 16 of the device 100 supplies the required external work flow ^w, whereby 
the ratio between the external work flow and the total flow fi, should be kept constant 
20 with sufficient accuracy. The excess flow at output 118 of the device 100 is usually 

not being utilized. 

Following is a description of the operating mode of the device in Fig. 1 explained on the 
sample of HPLC, whereby only the components of the HPLC configuration that are 
25 relevant to the invention are being shown: 
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The configuration - as in known methods - is based on the principle of flow splitting. 
The pump 3 supplies a defined, preferably constant total flow ^ with the desired, 
defined solvent composition to the device 100 to whose output 116 the column (not 
shown) of the chromatography device is connected. The total flow fo as well as the 
solvent composition may vary over time. 

The flow splitter S and the fluidic resistances 7 and 9 in the working path and in the 
excess path split the total flow fo into an internal excess flow fie and a usually much 
smaller work flow fiw . 

As explained above, the split ratio is determined by the fluidic resistances 7 and 9 as 
well as by the pressure decreases at these locations. For a constant ratio of the 
resistances the split ratio will be constant if the pressure decreasess at the resistances 7 
and 9 are always equal. 

The invention achieves this objective with the help of the cross-branch, which 
interconnects the outputs of resistors 7 and 9 as well as the fluidic junctions 102 and 
104. This connection switches the two resistors 7 and 9 in parallel, so they always 
exhibit the same pressure loss. This already guarantees a constant split ratio between 
the internal work flow fiw and the internal excess flow fie. In this case it is being assumed 
that the pressure drop in the cross-branch is negligble either due to an extremely small 
balance flow ftai and/or due to an extremely low fluidic resistance in the cross-branch, 
which is determined by the design of the cross-branch line and the flow sensor 108. 

However, depending on the counter pressure at output 116 and the resistance ratios 
within the total system, there will be a balance flow fbai in the cross-branch, which 
without additional measures is usually different from zero (positive or negative). 
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As a result, only the difference between the internal work flow fiw and the balance flow 
fbai is available at output 1 16. 

In order for the external work flow fi-w to be equal to the internal defined work flow fiw, 
the balance flow ^ in the cross-branch must be eliminated. 

The invention achieves this objective with the help of the flow sensor 108 in the cross- 
branch. This sensor detects the balance flow fbai and sends a corresponding signal to the 
controller 1 12. The controller changes the adjustable resistor 12 such that the balance flow 
detected by the flow sensor 108 in the cross-branch generally, especially in the temporal 
median, becomes zero. This can be accomplished with an electronic controller, as 
explained below. 

If the counter pressure at output 116 changes, which may be caused by contamination of 
the connected column, temperature changes or a changing solvent viscosity, the 
immediate result is the balance flow fbai in the cross-branch, which is unequal to zero. 
This flow is detected by the flow sensor 108 and forwarded to the controller 13, which 
in tum changes the resistance of the changeable and adjustable resistance device 1 10 in 
such fashion that the balance flow fbai goes back to zero. This restores the conditions 
described above. 

As a sample, let*s assume that the counter pressure at output 116 increases. The result is 
a positive balance flow fbai, i.e. from the working branch in the direction of the excess 
branch. In this case, the resistance of resistance device 110 increases until the resistance 
ratios in both branches are equal again, and the balance flow fbai becomes zero again. 

The pressure sensor 114 is used to detect the pressure at the resistance device 110. 
Since the pressure drop in the cross-branch in the previously described operating 
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mode of the device 100 is zero, this pressure also matches the pressure at the output 
116 of the working branch. Although this pressure is not necessary for the control or 
regulation of the system, it is important in practical applications since it allows 
deductions regarding the condition (e.g. contamination) of the connected column. 

One additional advantage of the configuration according to the invention is that the 
internal work flow fjw supplied by the fluidic junction 5 and the fluidic resistors 7, 9, 
which in the previously described operating mode is equal to the external work flow few, 
can be checked and measured directly without additional components. This allows the 
detection of obstructions at the components of the fluidid junction 102 or the fluidic 
resistors 7,9 as well as any malfunctions of the pump 3. The required measuring step 
occurs independently of the normal operation of the system and is only used for system 
checks and failure analysis. 

Precondition for the measurement is a constant solvent composition, for which the 
sensitivity of the flow sensor 108, which is especially dependent on the viscosity of 
fluid, is known. In order to perform the measurement, the resistance value of the 
changeable fluidic resistance device 110 is reduced to a value of zero or near zero. This 
makes the pressure at the fluidic junction 104 or den T-junction, which constitutes this 
fluidic junction, equal to the outside air pressure. Due to the cross-branch, which has a 
fluidic restance of zero or near zero, the pressure at the fluidic junction 102 or at the T- 
junction constituting is junction drops to match the outside air pressure. 

The same pressure drop continues to occur at the resistors 6, 7. Since pump 3 supplies a 
constant total flow 3, all pressures decrease by the same value only. This leaves the 
intemal work flow fjw unchanged. 
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Due to the fact that there is no more pressure difference between the output 116 and 
the ambient air, there is no flow due to the high resistance of the connected column, 
i.e. the extemal work flow goes to zero. This means that the total intemal work flow 
fiw passes the flow sensor 108, and can therefore be measured in this manner. 

In normal operating mode, the intemal work flow fjw has the same value as during this 
measurement. This flow exits completely as extemal work flow at output 116, because 
the balance flow fbai is set to zero by the controller in the previously described operating 
mode. The balance flow ^ai, which was measured during the measuring step, is therefore 
identical to the intemal and extemal flow in normal operating mode. 

The described approach means that there is a strong pressure change in the system. 
Due to unavoidable dead volumes in the system it may take a long time imtil the 
pressure conditions in the system stabilize. This can be avoided by not reducing the 
pressure at the fluidic junction 104 all the way to zero as described before, but only 
changing it significantly in comparison to normal operating mode, e.g. by reducing it. 
In this case, the intemal work flow fjw cannot be measured directly because a part of 
this flow is drained through the column connected to output 116. 

For the reasons mentioned above, the intemal work flow fjw remains constant diuing this 
measurement as well, provided the pressure drop in the cross-branch is negligible. The 
balance flow fbai caused by the pressure change therefore reflects the change of the 
extemal work flow f^, which is created by the pressure change. This pressure change is 
detected by the pressure sensor 1 14. For this reason the fluidic resistance of the column 
connected to output 1 16 can be easily calculated as the ratio of the pressure change to 
the flow change. Since the resistance of the column doesn't change significantly, the 
extemal work flow ^ can be calculated from this pressure and die pressure in normal 
operating mode. 
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The fluidic resistors 7 and 9 will be advantageously configured according to EP-A-0 
495 255 in such fashion that the ratio of their inside volumes is about the same as the 
two flows. As a result, both resistors will have the same fluidic throughput time. This 
5 has the advantage that a change in the viscosity of the solvent has the same affect on 

both branches, i.e. the split ratio remains constant in this case as well. 

A similar effect can be achieved by holding the inside volume of the fluidic resistors 7, 
9 low so that the cycling time of the solvent through the resistors is kept short m 
10 comparison to the duration of common solvent gradient. In this case it can be assumed 

at any time that both resistors 7, 9 contain the same solvent composition, i.e. changes in 
the viscosity of the solvent affect both resistors equally. 



Combining these two measures will achieve that deviations in the throughput or cycling 
15 times that can be caused by component tolerances, will not cause any interferences. 

It is especially practical to fabricate the fluidic resistors in the form of tubes with a 
small inner diameter (capillaries), preferably made of fixsed silica or metal. In these 
types of capillaries the desired volume and resistance conditions can be easily 
20 generated and adjust across a wide range. In addition, these types of capillaries exhibit 

very good consistency regarding their properties. In contrast to fluidic resistors that are 
made of porous materials (fritted), there is usually no gradual increase of the fluidic 
resistor due to contamination. 



25 Since the viscosity of fluids and therefore the fluidic resistance of all conq)onents is 

strongly temperature-dependent, the two resistors 7, 9 that determine the flow should 
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always exhibit the same ten^erature. Here it is expedient to install these resistors in a 
joint housing, for example. The absolute temperature of these resistors, however, plays a 
less important role since both resistors always change by the same factor. 

5 The controller 112 is designed to adjust the flow in the cross-branch to zero or to 

another preset offset value (conpare below). Depending on the type of output signal of 
the sensor 108 and the necessary control signal for the adjustment of the fluidic 
resistance device 110 this can bed done in the easiest case through a direct electrical 
coupling of the signals - via an amplifier, for example - but better via an analog or 
10 digital controller. Especially useful is an integrated controller since in this way, the 

temporal median of the flow in the cross-branch can be brought to zero or kept at a 
specific value with special precision. 

In practice (even when an integrated controller is used), short-term control deviations 
15; may lead to a low balance flow fl>ai that is unequal to zero. This allows small amounts 

of fluid to get into the working branch fi-om the cross-branch or even fi-om the excess 
branch. In the event of a solvent gradient, the solvent composition in the cross-branch is 
usually random, since the solvent located there is replaced only in the event of a control 
deviation. If, in case of a control deviation, a short-term flow occurs in the cross-branch 
20 ^ the direction of the working branch, then the solvent composition in the working 

branch will be corrupted by the added solvent fi-om the cross-branch. 

That is why it can be useful to adjust the flow in the cross-branch to a median value 
unequal to zero. If this offset value is selected expediently, on average a low balance 
25 flow fbai firom the working branch in the direction of the excess branch will be the 

result. This guarantees that the solvent in the cross-branch always has the same 
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composition as in the working branch. The offset value must be selected so that its 
impact on the external work flow is negligible. Advantageously, the offset value 
should be between 0.2 % and 5 % of the external work flow fi^w; for example, in a range 
of about 1 %. This is especially advantageous because the signal of the flow sensor 108 
is usually solvent-dependent. Since the controller 13 attempts to keep the signal of the 
sensor constant, the actual balance flow fbai changes depending on the solvent 
composition. The resulting small corruption of the external work flow f^w does not 
interfere at such small offset values. 

At this point is should be pointed out that within the scope of this description we are 
also speaking about a control of the flow, when actually the signal of the flow sensor 
is adjusted to a preset value and when due to the dependency of the flow sensor 
signal on the thermal capacity and thermal conductivity of the fluid a different flow 
occurs despite an identical sensor signal at different viscosities. 

Since the solvent dependent behaviour as well as each solvent composition are usually 
known it also possible to correct the generated error in the offset value to a great extent. 
To do this, the expected solvent composition is calculated from the solvent gradient and 
the actual throughput time to the flow sensor 108. Based on the known sensitivity 
characteristics of the sensor, a correction factor for the sensor output signal is now 
determined. The correction factors could be stored in a lookup table, for example. From 
the sensor output signal and the correction factor the actual balance flow is then 
calculated. 
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Potential errors of this correction affect the external work flow only to a very small 
extent since the offset value, as explained above, is usually only a small part of the work 
flow. 

5 The fluidic resistance of the components of the cross-branch have almost no influence 

on the function of the configuration in normal operating mode since the flow in the 
cross-branch always has a value of close to zero. The resistance value of the cross- 
branch, however, should not be too high since this would reduce the sensitivity of the 
control system. 

10 

In order, as described, to be able to use the sensor to measure the internal work flow f;w , 
the fluidic resistance of the cross-branch must be dimensioned as low as possible anyway 
for the balance flow not to generate a pressure drop in the cross-branch. 

15 In the practical application of chromatographic systems it is sometimes desired to 

strongly reduce the external work flow through the column connected to the output 
for a short period of time. 

This can be used to achieve that the components that are separated at the column reach 
.20 the downstream analysis device at a slower rate and/or with a delay. This flow reduction 

is achieved by installing a change-over valve in the system, which can be used to 
change over to a smaller flow that is delivered by a second pump. This requires extra 
cost and effort for the additionally required components. 

25 The configuration in Fig. 1 can be used to achieve an immediate flow reduction 

without any additional components by adjusting the balance flow fbai temporarily not to 
a value of zero or near zero, but to a much higher, positive value. This reduces the 
external work flow supplied from output 116 by the adjusted balance flow ftai- 



wo 2005/062036 



19 



PCT/DE2a04/002S89 



Since the control device 112 can set an exactly defined balance flow, the external work 
flow f^w can be reduced to an exactly defined, adjustable value. 



The device 100 per Fig. 1 therefore offers the advantage that the supplied external 
5 work flow at the output 1 16 is independent of the counter pressure of the equipment 

connected at fliat point. Furthermore, the supplied external work flow f^w is also 
independent ft-om the solvent composition and its changes. Even fast solvent gradients 
have do not influence the supplied flow. The supplied external work flow always 
constitutes an exactly defined, constant total flow fo. This applies, apart firom the time 
10 delay caused by the throughput time, also to the solvent composition. This means that 

the external work flow can be easily controlled in an exactly defined manner by 
changing the total flow. In addition there is the possibility to selectively influence the 
external work flow f^w by setting the balance flow Fbai to unequal zero. 

15 Regarding the components to be used for the configuration, the following additional 

advantages result: 



The flow sensors being used to measure fluid flows are usually based on the 
measurement of the heat dissipation through the flowing fluid. Since it strongly depends 
20 on the properties of each fluid, the sensitivity (scale factor) of such sensors is strongly 

solvent-dependent. This solvent-dependency leads in the known configuration to a large 
measuring error. 

Since in the operating mode of the device 100 in Fig. 1 described first only the zero 
25 point or the direction of the flow needs to be detected, the solvent dependency of the 

sensor signal doesn't play any role. Non-linearieties of the sensor practically also have 
no effect at all. 
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If the measurement of the work flow is not required, a flow sensor can be used, which 
accurately determines the direction and/or the zero point of a flow only. The elaborate 
calibration of the sensor is not necessary. 

If the balance flow fbai in the cross-branch, as described above, is not adjusted to zero but 
to a (lower) offset value, it is possible to use a flow sensor, which can only detect the 
amoxmt but not the direction of the flow. 

In systems with very small flow rates the use of pressure sensors in the working branch 
is disadvantageous since they usually exhibit a relatively large dead volume, and based 
on their design and the compressability of the fluid amount contained inside of them act 
like a pressure equalization vessel. Therefore, when the pressure increases, a part of the 
flow flows into the pressure sensor and when the pressure decreases the pressure sensor 
supplies an additional flow. An additional pressure sensor connected to the fluidic 
junction 102 would, for example, falsify the external work flow few supplied at the output 
1 16 of the system every time the pressure changes. 

The function of the system according to the invention does not require a pressure 
sensor The pressure of interest at output 116 of the system can usually anyway be 
detected via the optional pressure sensor 1 14 with high accuracy. 

Since this pressure sensor 1 14 is installed in the excess branch instead of the working 
branch, the dead volume of the pressure sensor does not cause any problems. Since the 
pressure sensor in addition does not have any effect on the accuracy of the flow in the 
working branch, a simple and cost-efficient design can be used. 
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The actuator, i.e. the adjustable fluidic resistance device 110 can be implemented in 
different ways. One obvious solution, for example, is the option to use a variable 
"bottleneck", whereby the length and/or the cross section of the bottleneck are 
adjustable. 

5 

Critical parameters for the implementation of the actuator are the required working 
pressure range and the required resolution. The pressure operating at the actuator is the 
same as the pressure at output 116 of the device (column pressure). It depends on the 
viscosity of the solvent and the type of chromatographic column. In practice, a pressure 
id range between about 30 and about 400 bar is of interest. For a given column type, the 

required working range depends on the viscosities of the applicable solvents. For 
solvent gradients that are of practical interest, the viscosity differences are about 1:3. 

For variable solvent compositions, the column pressure (and therefore also the 
15 pressure at the actuator) can therefore change depending on the used solvent and/or 

the mixing ratio at a ratio of up to 1:3. 

In an advantageous implementation of the device 100 shown in Fig. 1, where the 
resistors are configured so that the throughput times for the solvent throught the 
20 resistors 7 and 9 are generally the same, the solvent composition at both outputs of the 

flow splitter (e.g. at the junctions 102 and 104) is approximately the same. Therefore, 
the solvent flowing into the chromatographic column has the same viscosity as the 
solvent that at the same time flows into the actuator. 

25 This fact can be utilized to dramatically reduce the required working range of the 

actuator. In doing so, the actuator is implemented as a serial circuit consisting of one 
fixed and one adjustable fluidic resistance element. The fixed resistance element 
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exhibits a pressure drop, which is somewhat smaller than the pressure drop at the 
chromatographic column. 

Since the fluidic resistance of the fixed resistance element, similar to the resistance of 
the chromatographic column, changes depending on the viscosity, the working range of 
the adjustable resistance element of the actuator must only compensate for deviations 
from this theoretical case and pressure changes due to contamination of the column. 

Fig. 2a shows an improved version of the adjustable, changeable fluidic resistance 
device 110 in the form of electrical symbols as well as a schematic diagram of an 
implementation option. 

The resistance device 110 according Fig. 2 is composed of two resistance elements 
120 and 122, wherein the fluidic resistance element 120 is dependent on the viscosity 
of the solvent that flows through. The fluidic resistance element 122 can be changed 
by the controller 122. 

In the schematic view, the viscosity-dependent part 120 is symbolized by a long, thin 
capillary 124, whose fluidic resistance value is directly proportional to the viscosity of 
the fluid. The adjustable part 122 is implemented as an adjustable needle valve 126, 
whereby the needle can be moved with a motor drive 128 in such manner that the cross 
section of the passage opening changes. 

The resistance elements 120 and 122 can, of course, also be implemented in other ways. 
For example, instead of a needle valve, the adjustable resistance element 122 could also 
be reaUzed as a compressible filter element or an elastic sealing element. 



wo 2005/062036 



23 



PCT/DE2g04/06258? 



The adjustable resistance element 122 does not need to have a linear characteristic. 
Instead of a needle valve with a motor-controlled needle, a spring-loaded needle can be 
used, for example.In this casern the adjustable resistance element would be implemented 
as an adjustable pressure control. Its characteristic corresponds about to the electronic 
equivalent of an adjustable Z-diode. Such adjustable pressure controller can also be 
understood as an adjustable resistor with a "bent" characteristic, and is in this 
description also sub-summarized under the heading of "changeable resistance device". 
This type of adjustable pressure controller can be used for the implementation of the 
adjustable resistance device. 

Fig. 3 shows for an alterable fluidic resistance device HO per Fig. 2 the pressure 
characteristics for a preset time change of the viscosity of the solvent being used. The 
indicated pressiure characteristics result for a configuration according to Fig. 1 with a 
chromatographic column connected to the output 116. 

Fig. 3 shows the pressure conditions for an balance flow fbai of zero. The characteristic 
202 is the specific characteristic of the relative viscosity of the used solvent mixture 
supplied by the pump 3. The starting viscosity is set to equal 100%. Between t=3 min 
and t=9 min it drops to 40% of the original value since an increasing portion of a 
solvent with low viscosity is added to the mixture. Such changes in viscosity are typical 
for the work with solvent gradients. 

The chart 200 shows the associated pressure characteristic at the chromatographic 
column, i.e. at the output 116. Since due to the throughput time through the resistor 7 
the viscosity change reaches the column only after a delay, the decreasing viscosity 
becomes apparent with some delay as well In addition, the pressure characteristic 
appears straight since the range with decreasing viscosity occurs only gradually enters 
the column. Due to the cross-branch the pressure at the resistance device 110, 
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i.e. the sume of the pressures at the resistance elements 120 and 122, is equal to the 
pressure at the output 116 and therefore also corresponds to the chart 200. 

The chart 201 is the pressure drop at the fixed resistance element 120 of the resistance 
5 device 110, i.e. at the capillary 124. The time curve approximates the curve 200. The 

capillary, however, has a shorter throughput time than the column, causing the 
characteristic to be less straightend or delayed. 

Finally, the chart 203 is the difference from the total pressure at the resistance device 
10 110 (chart 200) and the pressure drop at the fixed resistance element 120 at the 

resistance device (chart 200). This pressure must be built up by the adjustable 
resistance element of the resistance device 122.. 

Fig. 3 clearly shows that the chart 203 reaches a maximum of only about 25 bar even 
15 though the total pressure at the resistance device 110 (chart 200) is up to 130 bar. 

This means that the working range of the adjustable resistance element 122 of the 
resistance device 110 can be much smaller than the total pressure at the resistance 
deivce. 

20 Theoretically the fixted reistance elenent 120 of the resistance device could firom the 

beginning be layed out such that its pressure drop exactly matches the one at the 
column. Then no control would be required, and no cross-branch would be required 
either. In practice, however, this cannot be realized at reasonable cost. An important 
reasin is that the column gets over time locally contaminated due to use, which not only 

25 leads to higher column pressure, but also changes the time characteristic 

In fluid chromatography, salt is sometimes used as chemical buffers. For high salt 
concentrations there is the danger that these salts crystallize 
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If this takes place in the resistance device 1 10, its function could be affected. . 

This problem can be avoided by equipping the resistance device 110 on the low 
pressure side with at least two additional connections for rinsing, Through the 
5 additional connections, oure solvent (e.g. water) can be pumped through the actuator at 

specific time intervals. This lowers the salt concentration so that the crystallizing will 
be preveted, and existing salt crystals will be solved and flushed out. 



10 



